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(71) We, Buryatsky Institut 

Estestvennykh Nauk, a Corporation orga- 
nised and existing under the Laws of the 
Union of Soviet Socialist Republics of 35 
Kirova, Ulan-Ude, Union of Soviet Socialist 
Republics do hereby declare the invention for 
which we pray that a Patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

The present invention relates to the pro- 
duction of polymers. More particularly, the 
invention is concerned with polyamides pos- 
sessing improved light and heat resistance. 

Copolymers containing both benzoxazole 
and amide structures have been previously 
disclosed in British Patent No. 811,758. The 
polymers disclosed in that Patent are, how- 
ever, characterised as being polybenzoxazoles, 
the copolymerisation therein of monomers 
such as hexamethylenediamine/dicarboxylic 
acid being an optional modification thereof. 
In contrast, the present invention is concerned 
with polymers which are characterised as 
being polyamides of hexamethylenediamine 
and a dicarboxylic acid, heterocyclic struc- 
tures being introduced in an amount sufficient 
only to enhance the stability of such polymers 
against light, heat and hydrolysis, but in- 
sufficient to change their character and field of 
application from those of polycarbonamides of 
hexamethylene diamine to those of poly- 
benzoxazoles. 

According to the present invention there 
is provided a method of producing a poly- 
amide by the polycondensation of a mixture 
of hexamethylenediamine and a dicarboxylic 
acid or its diphenyl ester in the presence of 
up to 6% mol 3 based on total reactants, of 
an aromatic tetra-amine of the general for- 
mula: — 

[Pi-ice 2Sp] 



HjN fir R Y> NH ^ 



where R=a direct carbon to carbon valency 
link. 

CH 3 

— CHg — — G— , or — 
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or an aromatic bis - o - aminophenol of the 
general formula : — 



or 




in a stream of inert gas while heating to 55 
180—260° C. 

To increase the molecular weight, the poly- 
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amide obtained may be addimmaHy heated 
in vacuo (1 mm mercury) at 260— 2W 

A general method of produc.ng polyam.des 
according to the present mvent.on is em- 
bodied as follows. . . „ 

Before beginning the reaction of polygon- 
densation, the initial ajPJJ^Jj 
thoroughly comminuted, m.xed and charged 
nto a condensation flask through which a 
1 ' . vi»... n t\** flact heme alter- 



at 20° O The polvmer is crystalline and 
soluble in formic acid and tricresol. 

The tensile strength of a film formed from 
the aoove polvamile is lowered 8.3% when 
exposed to P the air and sunlight for four 
moUs in summer; the tensile streng h o 
polyamide film produced by a prior art 
Sod is lowered 25% under the same cou- 
pons. The reduction in tens* strength of 
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* iono/- wiiirh the reaction mixture, in inc | u~a-»u***A when acted on 



I'SMT^^ rife reaction mixture, 
which forms a melt, is heated to the tem- 
perature of the synthesis. The aromatic jetra- 
amine or bis - o - ammophenol may be addea 
the initial monomer or after the poly- 
amide melt has formed. nrMncc c f 
Polyamides prepared in the P«s e ncc or 
aromatic tetra-amines or bis - o - amino - 
Phenols contain benzimidazole or benzoxazol: 
erouos Said groups are more resistant to 
Heal reagents, 'light and heat that .a - 
nhatic croups For that reason they impart 
P o ?olyStrs P improved properties compared 

Ihe prefenl invention, ca , be used for length> 



n he' Said poly- 

mide is partially hydrolyzed ^ 
bv concentrated hydrochloric acid at 80 t 
for one hour. When the hydrolysate is diluted 
vkh water, a polyamide is precipitated wh> , h 
has an inheren viscosiy of 0.2 in 
(0 5% solution in 90% formic aad at 20 Q 
Judging by the results of thermogravimetric 
analysis, the loss in weight of said polyamide 
at 350° C is 7.3%, whereas the loss in weight 
of polyainWe produced by the prior art 
method is 22.7%. 
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Example 3 , v , , 

The poiyam.u« . . m - muTC 0 f 1.05 g (0.009 mol., of hexa- 

the present invention, can be used for length) ^ ™™ (Q Q1 moV) f 

periods at temperatures up to ,150° Sfsebacate, 0.1 g (0.00044) mol of the 

30 50-100% higher light resistance itlian poi> pnenj methane, and 0.15 

„™„ mmmeraallv available and are teira r f ^ tetra _ amine of di- 

Dhenvl oxide is condensed by the method 
fiibed in Example 1. The mol^ercentage 
of the last two compounds based on total 
reactants is 5.45. The inherent v.scosity of 
the polyamide is 0.60 in tricresol (0.5% 
olution at 20° C). The polymer is crystalline 
and soluble in formic acid, tricresol and 
chloral hydrate. 

Example 4 
A mixture of 1.05 g (0.009 mol ) of hexa- 
n^enediamme and ^54 g 0.01 moL) 
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amides now commercially available and are 
™re resistant to concentrated mineral acids, 
™g they are only partially hydrolyzed by con- 
centrated hydrochloric acid. 

¥he method according to the present in- 
vention is illustrated by the following ex- 
ample", in which the percentages giver, are 
percentages by weight unless otherwise stated. 

Example 1 
A mixture of 1.05 of hexamethylene - 
diamine*!? 5.09 mol) 3.00 g gg-fOJ 
diphenyl adipate and 0.21 g (0.00098 mol, 
or 4 9% mol. based an total reactants) of 3, 
or t.y /c «"«• i— at *H n a stream 
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diphenyl adipate ana s ^„'x , methvlenediamine and 3.54 g ^ 



is continued in vacuo (1 mm Hg) at 270 <~ 
for anoAer 3 hours. The polyam.de has an 
tnWm viscosity of 0.61 in tricresol (0.5% 
oSa^O-C). The polymer is crystal.* 
and soluble in tricresol, formic acid and 
choral hydrate. 

Example 2 
A mixture of 1.05 g (0.009 mol ) of hexa- 
methylenediamine and 3.54 g (0.01 mol) of 
diphenyl sebacate is heated in a stream of 
inert aas at 180-250° C for 2 hours, where- 
upon 0.22 g (0.001 mol. or 5% mol. based 
oS the total reactants) of 3, V - diam.no - 
benzidine is added and the reaction is con- 
Snued for another 3 hours. The polyam.de 
SaTan inherent viscosity of 1.02 in formic 
acid (0.5% solution in 90% formic acid 



whereupon u.z.t g v ^ """'- "•—> v , 
mol based on total reactants) of 3, i 
Samino - 4, 4' - dihydroxydiphenylpropane 
is added and the reaction continued at 260— 
270° C for another 2 hours. The mherent 
viscosity of the polyamide is 0.51 in m-cresol 
^ solution at 20° C). The polymer is 
crystalline and soluble in formic aad and 
tricresol. 

Example 5 
A mixture of 1.05 g (0.009 mol.) of hexa- 
methylenediamine, 3.00 g (0.01 mol) of di- 
phenyl adipate and 0.22 g (0.0009 mol or 
4 5 mol. % based on total reactants) of 3, 5 - 
d'iamino - 4, 4' - dihydroxydiphenylpropane 
is heated in a stream of inert gas at 18U— 
260° C for 3 hours. After the formation of 
a melt the reaction is continued in vacuo 
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(1 mm Hg) at 265° C for another 3 hours. 
The inherent viscosity of the polyamide is 
0.65 in m-cresol {05% solution at 20° C). 
The polymer is crystalline and soluble in m- 
cresol, tricresol and formic acid. 

Example 6 
A mixture of 1.05 g (0.009 mol.) of hexa- 
methylenediamine, 3.54 g (0.01 mol) of di- 
phenyl sebacate, 0.10 g (0.00043 mol.) of 
3, 3' - diamino - 4, 4' - dihydroxydiphenyl 
methane and 0.14 g (0.00061 mol) of 3, 3' - 
diamino •- 4, 4' - dihydroxydiphenyl oxide 
is condensed by the method described in 
Example 5. The mol. percentage of the last 
two compounds based on total reactants is 
5.2. The inherent viscosity of the polyamide 
is 0.58 in m-cresol (0.5% solution at 20° 
C). The polymer is crystalline and soluble in 
m-cresol, tricresol and formic acid. 

WHAT WE CLAIM IS : — 

1. A method of producing a polyamide 
comprising the polycondensation of hexa- 
methylenediamine and a dicarboxylic acid or 
its diphenyl ester in the presence of up to 
6% mol, based on total reactants of an aro- 
matic tetraamine of the general formula: 

where R=a direct carbon to carbon valencv 
link, * 

CH 3 

— CH 2 — , — C— , or — O— 
CH 3 

or an aromatic bis - o - aminophenol of the 
general formula: — 



H 
H 2 



or 




CH 3 

where R'=— O— ,— C— 
CH a 



H 



I 



in a stream of inert gas while heating to 
180—260° C. 

2. A method as claimed in claim 1, wherein, 
after heating in a stream of inert gas, the 

reaction mixture is heated in vacuo at 260 - 

280° C. 

3. A method as claimed in claim 1 or 2, 
wherein the hexamethylenediamine and the 
dicarboxylic acid or its diphenyl ester are 
preheated to form a melt after which the 
tetra-amine or aminophenyl is added. 

4. A method as claimed in claim 1 or 2 
wherein the tetra-amine or aminophenol is 
added with the hexamethylenediamine and 
the dicarboxylic acid or its diphenyl ester, 
and the mixture is subsequently preheated 
to form a melt. 

5. A method of producing a polyamide 
substantially as hereinbefore described in any 
one of Examples 1 to 6. 

6. A polyamide when produced by the 
method as claimed in any preceding claim. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicants). 
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